particularly when there are no strong religious pressures. Virtue (1950) in a scholarly analysis, traces the rite back to the ancient Phrygians and father-son antagonism. Whatever the human reasons, one sees most delicate and systematic mutilation patterns carried out by some mother mice. Hauschka (1952) illustrates some of these complex surgical procedures. In another case he quotes the mother that nibbled off the distal outer digit of the left hind leg, and only this digit, in all seven of her infants and then proceeded to rear them successfully. He gave reasons for believing that this trait might have been inherited. It is a disturbing thought to consider that some of our own complex behaviour patterns may also be inherited. I think it would be unwise to assume that humans are completely immune from inheritance of complex behaviour patterns, for we are already able to see the effect of the XYY chromosome make up in certain male criminals. REFERENCES Hauschka T S (1952)J. Hered. 43, 117 Virtue H StH (1950) Guy's Hosp. Gaz. 64, 217 Dr J A Dudgeon (The Hospitalfor Sick Children, Great Ormond Street, London)
Dysmorphogenesis: The Role of Infection
It is right and proper that a Symposium on 'The Very Young' should be concerned first and foremost with those factors and events which may affect normal reproduction and normal development. From the time of conception to parturition, the ovum, embryo and foetus may be exposed to various intrinsic and extrinsic stimuli, which may in some way or other lead to reproductive failure, or 'dysmorphogenesis'. On the whole this is a more suitable term than congenital anomaly, malformation or defect, as it permits inclusion, under the one heading, of all aspects of reproductive failure, wastage or damage whatever the cause may be. As far as foetal infections are concerned the experience gained in the past few years in respect of congenital rubella, cytomegalovirus and toxoplasmosis has made it clear that precise differences between the meaning of the terms 'congenital malformation' and 'congenital defect' are no longer very meaningful, and, therefore, under the term 'dysmorphogenesis' we can consider any abnormality of structure or of function present at birth, though not necessarily recognizable at birth, which is due to faulty development. The term 'dysmorphogenesis' is sufficiently broad to include changes that end up in fcetal death, either early or late in pregnancy, failure of the newborn to survive and gross structural abnormalities in organs rendered defective by pathological processes after morphogenesis.
Basically, there are three main causes of dysmorphogenesis. There are genetic or chromosomal abnormalities responsible for some 10 % of cases, environmental factors of which ionizing radiation, drugs and infections are important contributory causes, and finally there is a large group of congenital defects for which the cause is unknown, but which may have a basis both genetic and environmental. Prominent in this group are defects affecting the central nervous and cardiovascular systems.
The overall effect of dysmorphogenesis on the feetus, whether human or animal, can be measured in three ways. First, there is the overall problem of numbers. Approximately 1.5 % of all children born alive suffer from a congenital defect. If deaths before birth and additional defects recognized after birth are taken into account the numbers are very much greater. Secondly, many of these disorders cause suffering and, thirdly, they are of considerable economic importance. This is particularly true in veterinary medicine where abortion is so often the end result of infection in pregnancy, but the economic factor applies to human medicine as well. fIhe cost of surgical correction of cardiac anomalies is great, and so is the repair and after-care treatment of spina bifida and meningomyelocele. The impact of the 1964-5 German measles pandemic in the United States can also be looked at from the economic as well as from the scientific point of view. The birth of some tens of thousands of severely malformed children in the wake of the epidemic has produced tremendous problems which, apart from the suffering caused, can be measured in the money required for care, treatment and education. And this is why the disorders ending in reproductive failure due to environmental factors are so important. Where an environmental cause can be incriminated it can that much more easily be controlled.
In the nineteenth century it was commonly believed that congenital malformations were caused by infections of the feetus. Cardiac malformations, for example, were attributed to foetal endocarditis, although there was little supporting evidence. The recognition that maternal syphilis could lead to congenital infection and serious damage to the foetus led to the idea that syphilis was responsible for most types of malformation, but with the passage of time and reduction in the incidence of syphilis there was no corresponding decline in the incidence of malformations. The concept of foetal infections as a cause of congenital malformations gradually fell into disrepute and it was not until 1941 with Gregg's observation that maternal rubella in the early stages of pregnancy resulted in feetal abnormalities that interest was reawakened in the role of infection as a cause of foetal disease. Gregg's observations (1941 Gregg's observations ( , 1944 on the incidence of cataracts, heart disease and deafness following maternal rubella have now become a landmark in teratology, or what today is called dysmorphogenesis. Not unnaturally studies were undertaken to see if other micro-organisms, particularly viruses, had the same effect and, although many such studies have been made on different viruses in different countries, present evidence suggests that only rubella and cytomegalovirus (CMV) consistently cause congenital disorders in the foetus. But this is only part of the problem. Very largely due to the stimulus to recent research into congenital rubella, it is now more clearly appreciated that feetal defects represent only one aspect, albeit an important one, of the overall problem of feetal damage. End results of foetal infection may vary from feetal death (with spontaneous abortion or stillbirth), to death in infancy, or to a single defect or multiple defects. The same agent, however, may cause a subclinical infection, or the foetus may escape infection altogether. The explanation for this varied response can be sought in the properties of host and parasite, and the way in which they react together. Virtually all types of micro-organisms can lead to feetal infection, including protozoa, spirochaetes, bacteria and viruses. My paper is in the main concerned with viruses causing feetal infection except for a few comments on congenital syphilis and toxoplasmosis, in so far as they reflect on the pathogenesis of foetal infection. The virus infections listed in Table 1 are amongst the more important causes of foetal infection. They are responsible for epidemic and sporadic disease; they are among the most common of infectious agents of man, and they are worldwide in distribution. The maximum incidence of many of these, however, measles, mumps, chicken-pox, rubella and primary herpes for example, is in childhood and before the age of child-bearing. The risk to the foetus from these infections comes from primary infections contracted by the non-immune susceptible individual during pregnancy. With few exceptions, and these need further investigation, there appears to be little risk from re-exposure, although reinfection, as for example with revaccination, may lead to foetal damage. With few exceptions, namely influenza, zoster and recurrent herpes, infections are associated with virtmia. Following bloodstream infection virus can reach the foetus via the placenta. In others, such as influenza and possibly poliomyelitis, the foetus rmay be damaged by toxxemia or anoxia. In addition to the immune status of the mother, the age of the foetus at which infection occurs is of para-mount importance in determining the outcome. The biological characteristics of the parasite are equally important in determining the effect upon the foetus. This is probably determined by virus virulence. Several of the viruses listed in Table I if they occur in pregnancy, for example measles, mumps, poliomyelitis and snrallpox, tend to cause foetal death, whereas rubella and CMV, which are less virulent, are more likely to cause a sublethal infection and deformities in the surviving offspring. A similar varied response is seen in certain animal virus infections. Both modified hog cholera vaccine and modified blue tongue vaccine produce a less severe infection in the foetus with production of abnormalities, whereas mrany naturally occurring strains tend to lead to feetal death if infection occurs in pregnancy. This point is of particular importance in relation to attenuated rubella virus vaccines. One would hope that a virus strain used for immunization would be sufficiently avirulent so that, if administered inadvertently to a pregnant woman, it would cause no damage to the foetus.
Finally, it should be emphasized that infections in pregnancy can occur without any effect on the foetus, and also that infections are followed by defects in the offspring which are in no way causally related. Several examples can be quoted. Down's syndrome has been related to hepatitis contracted in pregnancy (Stoller & Collman 1965) . It seems doubtful whether the two are related and the same applies to the possible relationship between maternal influenza and anencephaly. Coffey & Jessop (1959) , and others (Pleydell 1960) , have produced evidence of a causal relationship, but other environmental factors exist which make uncertain the precise role of influenza virus in this congenital disease of the central nervous system. Section ofComparative.Medicine 1 It is useful, therefore, to specify various criteria which should as far as possible be satisfied before an infective agent is accepted as the direct causative factor in foetal damage. These are shown in Table 2 and are based largely on our experience of Table 2 Criteria for setiological relationship between maternal infection and abnormal festal development (1) Clinical: consistency in clinical pattern (2) Epidemiological: similar pattern with same agent in different areas (3) Persistence of infectious agent (4) Persistence of antibody after decline of maternal antibody: presence of antibody in IgM fraction congenital rubella, but the findings are essentially similar in congenital syphilis, toxoplasmosis, CMV and congenital varicella, and probably in other virus infections as well.
Congenital Rubella
Much has been written on this subject in the past twenty-five years, but it is only within the past five years that there has been any real understanding of the condition following the discovery that the virus could be grown by cell culture methods. The ability to grow the virus and to measure antibody has contributed much to our knowledge of the protean manifestations of this type of congenital infection and the mechanism of foetal infection.
One of the most constant features of congenital rubella is the presence of defects associated with a low birth weight and a normal gestational age. This is usually more marked in cases where intrauterine infection has occurred early in pregnancy than in cases with a single defect such as deafness following rubella between the 12th and 16th weeks. Some of the more commonly encountered defects are shown in Fig 1, from which it can be seen that practically every organ system in the body can be affected; indeed a notable feature of congenital rubella is the high incidence of multiple defects.
Pathogenesis: There is little doubt as to the route of infection. Maternal viremia leads first to placental infection and then to infection of the foetus. Virus can be isolated from both placental and foetal tissues (Alford et al. 1964) and can persist in the faetus from the time of infection until 6-9 months after birth or even longer. Those findings also fit in well with the observation that the feetus develops antibody before birth and this antibody also persists for a prolonged period (Dudgeon et al. 1964 ). It has also been shown that the rubella antibody at birth is contained in the IgM fraction (Alford 1965) and high levels of IgM are maintained throughout infancy (Soothill et al. 1966) . Thus, in the generally accepted sense of the term, immunological tolerance does not result from intrauterine infection with rubella.
Pathology: The essential changes fall into two main categories: first, there is slowing and then arrest of cell mitosis; secondly, cell necrosis may develop which is usually associated with a minimal degree of. inflammation. It has been shown experimentally that rubella virus causes slowing and finally cessation of cell division in certain types of cell culture without any obvious cytopathic changes (Plotkin et al. 1965) . Naeye & Blanc (1965) consider that the small size and weight of congenital rubella infants and the small size of many organs such as the brain, pancreas and adrenals is due to a subnormal number of cells. This can also be attributed to the overall effect on cell mitosis. The lesions described by Tondury (1964) in the chorionic vessels and in and around small vessels in fcetal tissues indicate that these are due to virus invasion. This view is confirmed by the demonstration of fluorescent staining of rubella virus antigen in infected tissues such as the myocardium. Necrosis of cells can be shown in the myocardium, lung, liver and several other organs with little or no inflammatory response. Table 3 . There are many points of similarity between this infection, toxoplasmosis and congenital rubella, but in the first Weller & Hanshaw (1962) two damage to the central nervous system is more marked. Here again, dysmaturity as evidenced by the low birth weight is a common feature. Malformations such as cataracts and congenital heart disease are not common in congenital CMV but have been described. This suggests that, as in toxoplasmosis, intrauterine infection tends to occur later in pregnancy after organogenesis.
The pathogenesis of congenital CMV is similar to congenital rubella. Again the four criteria previously mentioned can be satisfied as they can in syphilis and toxoplasmosis.
Vaccinia and Varicella
Two further examples of the effect of foetal infection can be illustrated by cases of congenital vaccinia and congenital varicella. Faetal infection with vaccinia may follow primary vaccination or revaccination during pregnancy. From the appearance of the cutaneous lesions in the foetus it is apparent that virus can persist in the skin for longer periods than in the child or adult. Congenital varicella may result from maternal chicken-pox in the last weeks of pregnancy. In a recently observed fatal case of congenital varicella at the Hospital for Sick Children several organs such as the liver, spleen, adrenals and pancreas were severely damaged by virus. The IgM at the time of death at 10 days of age was very high, being about 3-4 times the normal level of the age.
At this stage mention can be made of a group of viruses which have recently attracted the notice of those interested in the study of congenital defects. This group includes the Kilham rat viruses (RV) (Kilham 1961) , the closely related HI viruses of Toolan (1961) , and the feline ataxia virus (FAV) of Kilham & Margolis (1966) . These viruses have a number of properties in common and under certain circumstances can produce fcetal damage, severe destructive effects on the cerebellum and a fulminating neonatal disease with visceral involvement. The rat virus which produces a 'mongoloid' appearance with stunting of growth and tooth dysplasia in experimental animals is serologically related to the Hi virus. This was originally thought to have been derived from human embryonic tissue but there is now some doubt about this. Recent studies by Monif and his colleagues (Monif et al. 1965) showed no causal relationship between these viruses and feetal damage in man. In one case a woman developed antibody to HI virus late in pregnancy. The child, which had signs of mongolism and a congenital heart defect, was found to have had antibody to HI virus at birth. However, the antibody in the child declined whereas in the mother it persisted. Later the child was found to have chromosomal evidence of a trisomy 21.
Finally, mention can be made of the interesting FAV virus which causes ataxia in kittens due to cerebellar hypoplasia. This condition was described seventy-five years ago by Herringham & Andrewes (1888) and was attributed to a genetically determined developmental defect. The recent discovery of its true etiology is an indication of the continued need for the study of comparative pathology and of close co-operation between geneticists, veterinarians and virologists.
